The study of transfer reactions with heavy ions requires a detecting system capable both of high energy resolution and good particle identification.
The usual flE-E semiconductor telescopes perform less well than with light particles -resolutions of 250-300 keV for heavy ions of 30-60 MeV are typical 1 ).
Furthermore, separation of ions of the same atomic number Z but different mass number A can be obtained only with fiE counters of such thickness that they 2 seriously limit the lowest detectable particle energy ) .
Magnetic spectrometers are free from these difficulties provided that the detector in the focal plane is capable of adequate position resolution and particle identification. Moreover, the large kinematic effects in heavy ion reactions can be compensated by adjustment of the position of the detector 3 ) .
Thus large solid angles may be used without loss of resolution. Finally, energy dispersed rather than energy analyzed beams can be used. This feature is particularly valuable in experiments at cyclotrons. and linear accelerators, whose external beams are usually far from monoenergetic, and where the loss of intensity resulting from energy analysis would be very serious.
Since heavy ions are only fully stripped of atomic electrons at the highest energies, four parameters for each ion must be determined. They are A and Z, the mass and atomic numbers, q, the charge state of the ion in flight through the spectrometer magnet, and of course the kinetic energy T. The focal plane position of a particle measures very accurately its magnetic rigidity
Bp from which T can be obtained provided that A and q have been determined.
To measure the four parameters for each particle requires, in the most general situation, the determination of Bp, velocity (time-of-flight), kinetic The focal plane detector to be described measures position (i.e .. magnetic rigidity Bp), d.E/dx and time-of-flight (velocity) with sufficient precision to permit unit mass and charge resolution for ions up to A=20 and
Z=lO. In addition, the position resolution (0.7 mm) is compatible with a spectrometer whose energy dispersion is 0.05% per mm.
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2. Experimental
THE PROPORTIONAL COUNTER
The spectrometer 4 ) at the Berkeley 88-inch cyclotron was designed for a live focal plane detector: the particle trajectories are very nearly normal to the focal plane. The dispersion--3-75m for dp/p = 1 (p =particle Tests with a preliminary version of the proportional counter showed that quartz fibers under low mechanical tension will begin a sustained vibration at some critical value of the applied high voltage which may be well below the potential required to give adequate gas multiplication. The fibers were therefore attached in the manner shown in fig. 3 . One end of the fiber was glued with Epoxy resin to a polystyrene insulator button on top of a 0.0075 em diameter phosphor-bronze wire. The plastic bridge at each end of the counter serves to position the fibers exactly midway between the plane electrodes and exactly l em apart. A spring balance was used to hold the fibers at a tension of 12 g while they were glued to the second polystyrene button mounted on a stiff stainless steel pin. Bending of the phosphor bronze wires (about 2 mm) serves to maintain the fiber tension at a nearly constant value independent of small dimensional changes of the support structure. To obtain good energy loss information, the aluminized mylar electrodes must be parallel and smooth. Figure 3 shows details of the rear electrode.
To improve insulation from the aluminized high voltage surface to the fibersupporting bridges, the aluminum was removed on both sides of the mylar (with a dilute 'sodium hydroxide solution) in the vicinity of the bridge. The mylar was stretched as tightly as possible over a large frame, the support surfaces were coated with epoxy resin and the mylar, (still in its frame) , was placed in contact with the resin. When the resin had hardened, the mylar was trimmed to its final dimensions and then tensioned by heating it with a jet of hot air. The electrodes thus obtained have the appearance of a good mirror.
The front gas-tight mylar window was glued to its frame. The rounded surface of the frame, against which the mylar is tightly pressed by the internal gas pressure, was lubricated with Teflon aerosol. With no lubrication, . slipping of the mylar over the surface as it stretched during inflation took place in a series of jerks accompanied by a creaking noise, and pinhole leaks usually developed. The 0.0012 em -thick window is operated at a maximum pressure of 0.4 atmospheres. Its breaking pressure is~ 0.6 atmospheres.
Good d.E/dx resolution requires that the pressure and purity of the counter gas remain constant. These requirements are met by a continuous gas flow system at a pressure regulated by a Null:m.atic Model 44-20 regulatort.
t Moore Products, Spring House, Pa.
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THE SCINTILLATION COUNTER
The time-of-.flight detector consists of a Pilot-F plastic sCintillator 0.316 em thick glued to a Lucite light pipe to the end of which was glued an RCA 8575 photomultiplier. Signals are taken from the.9th dynode (for pulse height information) and from the anode (for fast timing).
ELECTRONICS
Position of a particle is measured by the rise-time comparison method described by Borkowski and Kopp5). Signals from each preamplifier are examined for pulse height with respect to an adjusta91e threshold voltage. Signals larger than the threshold generate a logic signal to denote which fiber detected the particle so that the six position spectra can be stored separately. An additional logic signal denotes that two fibers detected simultaneous events. All such events are stored in a seventh spectrum in the Nuclear Data analyzer. The threshold is required because a pulse on a wire is accompanied by a small signal on an adjacent wire. Only very rarely does a particle induce signals of comparable size on two wires.
The outputs of the six preamplifiers at each end are mixed and the two mixed outputs are amplified to produce Gaussian-shaped pulses with 8 ~s peaking time. Differentiation and cross-over detection produce timing signals which are used (one of them passing through an adjustable delay) to .start and stop a time-to-amplitude converter (TAC). The maximum time delay between start and stop pulses is about 20 ~s.
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Our early work on resistive-wire proportional counters indicated a serious problem in achieving linearity of the output from the TAC as a function of position. The non-linearity was not restricted to points near the end of the wire, but extended out at least 25% of the wire-length at each end.
Investigation showed that the non-linearity is affected markedly by the termination of the wire, and also by the type, and time-constant, of the pulseshaping networks used to produce the biphase signals from which crossover timing pulses are derived. Figure 6 shows the behaviors under two conditions of termination using simple RC differentiation and integration. As shown in this curve, a very low value of terminating capacity causes curvature with the output falling low toward the ends. The reverse situation occurs if the capacity is too high. As shown in fig. 6 , the optimum value of capacitor produces a slight S-shaped distortion. By fig. 4 reduces all stray capacity to ground effectively to zero so that Cl is by far the dominant terminating capacity.
Energy-loss signals are obtained by adding the pulses from the ends of all the fibers. Since the preamplifier signal rise times are a function of position, it is necessary to use an amplifier with 16 l.LS peaking t_itne. Even though the dE/dx system contains the mixed noise of all twelve preamplifiers, the resolution is not limited by th.e signal-to-noise ratio even at quite small values of the gas multiplication. Th.e total noise is typically 50-100 mv for signals of 6 v. to the slit must be subtracted, leaving an intrinsic counter resolution of about 0.7 mm. This value. still includes a contribution from slit scattering.
dE/dx RESOLUTION
The resolution in the dE/dx signal appears to be determined largely by the straggling in the energy loss of particles in the counter gas. Calculations of the straggling 7 ) are compared with some measured values of the dE/dx resolution in Table 1 . Figure 7 shows the change of d.E/d.x pulse height as a function of } counter bias at 0. 2 and 0. lr atmospheres counter gas pressure. Raising the gas pressure at constant bias produces a roughly proportional qecrease in pulse height. To limit changes in dE/d.x signal due to pressure fluctuations to 1% therefore requires that the gas density be stable to about 1%.
That the dE/dx signal be independent of position. along the counter for ions of a given energy loss is not important. Since the position is always k~own, a correction can be made. At a constant magnetic field and for an ion of fixed A and Z, dE/dx should be (and indeed is) lower for particle-s that fall on the right hand (high energy) end of the counter. There is an instrumental effect of unknown origin that nearly compensates for the drop.
As will be discussed below, dE/d.x is corrected empirically_to remove position dependence. Figure 8 shows a dE/d.x spectrum obtained after making this correction.
When the counter bias is too high (above about 700 v at 0. 4 atnios. pressure), dE/d.x peaks fromheavy ions begin to develop a "tail" on the high energy side.
TIME RESOLUTION
The flight path from target to focal surface is about 7 m: flight times for heavy ions are typically 250 ns. There is a small dispersion of about l ns in the flight time depending on the angle at which a particle leaves the target. This dispersion can be made arbitrarily small by closing slit~ between target and spectrometer, but it is too small to·present any difficulty.
The flight path is also a function of the position at which a particle intersects the focal surface, but since that position is always known, the time-offlight can be corrected as discussed below.
In practice the time resolution is determined by the pulse width of the cyclotron beam, which varies as a function of many parameters. Third harmonic acceleration generally gives better resolution, but of course cannot be used for higher energy beams. Figure 9 shows the measured time distribution To obtain a signal independent of a particle's position, a correction is applied to the measured time-of-flight /J.T:
where T 0 and a are empirically chosen constants and X is the position of a Energy resolution is typically 0.015%. In some test runs a resolution of 0.01% has been obtained but under the practical conditions of target thickness, beam emittance and spectrometer solid angle that are used in an experiment, the resolution is not quite so good. In any event, the position · resolution and stability of the counter do not appear to be a limiting factor.
Conclusions
The Borkowski-Kopp proportional counter, when operated with end terminations and shaping as described above, provides a relatively.simpl~ method for making simultaneous position and energy-loss measurements. The system described here can undoubtedly be improved. Among the many parameters that have not been systematically investigated to optimize performance are l) quartz fiber diameter and resistance 2) vertical fiberseparation 3) counter depth 4) counter gas pressure and 5) counter gas mixture. The counter can probably be adapted to the detection of light particles by operating it at higher gas pressure and bias. Time resolution can probably be improved to "' 2 ns (or "' 1%) by. detection of secondary electrons from a very thin foil at 8 .
the entrance to the spectrometer ) to make a time-zero signal. Time resolution would theri be independent of cyclotron tuning and it should be possible to ... ... 
